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Aii inve si igat ion to determine tie perf ormance and the opera- 
tional characteristics of an axial -flow gas turbine -propeller engine 
has he eh conducted In the Cleveland altitude wind tunnel. As part 
Of this investigation, pressure find temperature data were obtained 
&t latitudes from 5000 to 35*000 feet, caapressor-iniet ram-pres stare 
ratios from. 1.00 to l.i*7, aha engine speeds from 8000 to 13,000 r pm. 
Average prSfisSiifSs SM temperatures measured at each Station In the 
engine > &rS presented in tabular form for all operating conditions. 
The effects of engine speed, shaft horsepower, and compressor- inlet 
rfim-pfSSStire r&tio on pressure and temperature distribution at each 
measuring station are presented graphically. 

Charge S ih engine speed had no appreciable effect on the cir- 
cliffiferShtial or radial distribution of pressures and temperatures 
at any of the measuring stations $ith the exception of the compres- 
sor ihlet > ediprefisof dutlet* End tail-pipe- nozzle outlet. As the 
engine sp§§d #ES increased, the radial distribution of total pres- 
sure ht the cdmpreSS Oh inlet became less uniform, whereas the dis- 
tribution Et the taii-pipe-hozzle Outlet became more nearly sym- 
metrical with reipeSt to the befiter of the tail pipe. Large varia- 
tions in the circumferential distribution of dynamic pressure at 
the btmpfeSSbf butlet oc Stirred at Ell engine speeds. 

Variations in shaft horsepower did hot greatly affect the 
circumferential or radial distribution of pressures and tempera- 
tures Et Ehy iiieESuring station except the tail-pipe-nozzle outlet, 
where the total-pressure distribution became more uniform as the 
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engine power wa a increased. Changes in ram-pressure ratio from 
1.00 to 1.09 did not affect the distribution of pressures arid tem- 
peratures. Flow separation in the upper region of the right wing- 
duct inlet occurred for seme operating conditions and was attributed 
to high inlet -velocity ratio and rotation of the propeller slip- 
stream. Losses in total pressure between the compressor outlet 
and the turbine inlet were approximately 0.9 of the dynamic pres- 
sure at the compressor outlet. 


INTRODUCTION 


An investigation to determine the performance and the opera- 
tional characteristics cf the axial -flow gas turb ine -propeller engine 
has been conducted in the Cleveland altitude wind tunnel. As part of 
this investigation, pressure and temperature data were obtained at 
altitudes from 5000 to 35,000 feet, compressor -inlet ram-pressure 
ratios from 1.00 to 1.17, and engine speeds from 8000 to 13,000 rpm. 
Performance characteristics of this engine are presented in refer- 
ence 1 and windmilling characteristics in reference 2. 

Typical surveys of total pressures, static pressures, and 
indicated temperatures at the measuring stations throughout the 
engine are presented herein. The effects of engine speed, shaft 
horsepower, and compressor-inlet ram- pressure ratio on these pres- 
sure and temperature distributions are briefly discussed. Average 
pressures and temperatures measured at each station in the engine 
are presented in tabular form for all the operating conditions 
presented in reference 1. 


INSTALLATION AND PROCEDURE 

The main components of the T31 gas turbine -propeller engine 
are a 14 -stage axial -flow compressor, nine cylindrical counter- 
flow combustion chambers, a single-stage turbine, an exhaust 
cone, and a two-stage planetary reduction gear (fig. l). The 
over -all length cf the axial -flow gas turb ine -propeller engine 
is 116 inches and the maximum diameter is about 37 inches. The 
dry weight of the engine, including piping and all accessories, 
is 1980 pounds. The engine was installed in a streamlined wing 
nacelle that was mounted in the 20- foot -diameter test section of 
the Cleveland altitude wind tunnel. A four-blade Hamilton-Standard 
superhydramatic propeller with a diameter of 12 feet, 7 inches was 
installed on the engine (fig. 2). 
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Air entered the Installation through two wing ducts with leading- 
edge Inlets behird the propeller. The vertical center lines of the 
Inlets were located along the wing span at about 80 percent of the 
blade radius (fig. 3). From the ducts, the air flowed through aa 
annular inlet into the compressor. Air discharged from the compres- 
sor was turned 180° before entering the combustion chambers. Hot 
gases leaving the combustion chambers passed through the turbine 
nozzles and the single-stage turbine into an annular exhaust cone. 

The exhaust gases were discharged through a straight tail pipe 
96 inches in length and 14 Inches in diameter. 

The operating limits for statio sea-level conditions as 
established by the manufacturer are: 


Turbine speed: 

Maximum overspeed, rpm ....... ••••• 13,300 

Hormal rated, rpm •••••...,«. 13,000 

Idling, rpm ••••••. 10,000 

Exhaust-gas temperatures (at exhaust-cone outlet): 

Military rating, 5 minutes, °!F 1265 

Normal continuous rating, 9F 1170 

Starting aid, acceleration, °F 1600 

Bearing temperatures, °F • • • 250 

Vibration: 

At turbine frequency, in. 0.004 

At propeller frequency, in. 0.025 


A description of the instrumentation installed at each measuring 
station (figs. 1 aid 3) is presented in reference 1. Pressures were 
measured on mercury, alkazene, and water moncaneters and were photo- 
graphically recorded. Temperatures were recorded on two self- 
balancing potentiometers. 

The investigation was conducted at altitudes from 5000 to 
35,000 feet and compressor- inlet ram-pressure ratios from 1.00 
to 1.17. At each altitude aid compressor- inlet ram-pressure ratio, 
engine speeds were varied from 8000 to 13,000 rpm. The engine 
shaft horsepower measured at the torquameter ranged from 70 to 
1050 horsepower. Ambient pressures and temperatures were main- 
tained at approximately NACA standard altitude conditions. 
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RESULTS AND DISCUSSION 

The average values of total pressure , static pressure, ftnrt 
Indicated temperature at each measuring station are presented in 
table I for all operating conditions investigated. The effects of 
engine speed, shaft horsepower, and compressor- inlet ram- pressure 
ratio on pressure and temperature distributions at each measuring 
station are shown in figures 4 to 32. All instrisnentation except 
that at the wing-duct inlets was viewed in the direction of air 
flow. 


Effect of engine speed, - A typical over-all average pressure 
profile through the engine is presented in* figure 4 to show the 
effect of engine speed on the average pressure at each measuring 
station. When the engine speed was increased from 10,000 to 
13,000 rpm at approximately constant tail-pipe temperature, the 
average pressures at the turbine inlet (station 5) were increased 
approximately 60 percent, whereas the average pressures at the 
turbine outlet (station 6) were raised approximately 10 percent. 

The effect of changing the engine speed frcm 10,000 to 13,000 rpm 
on the pressure and temperature distribution at each measuring 
station is shown in figures 5 to 13 for an altitude of 5000 feet 
and a compressor- inlet ram-pressure ratio of 1.00. For these 
engine speeds, the average temperature at the Junction of the 
exhaust cone and the tall pipe was approximately 1500° R. 

The wing-duct inlet surveys presented in figure 5 shew that 
at engine speeds of 10,000 and 11,000 rpm very low total pressures 
were obtained in the upper region of the right wing-duct inlet. 
These low total pressures apparently resulted from flow separation 
on the inner surface of the upper lip. Although the Inlet -velocity 
ratios far these operating conditions were above unity, the total- 
pressure distribution at the left duct inlet was uniform. Flow 
separation at the right duct inlet was probably caused by a com- 
bination of the rotation of propeller slipstream and the high 
inlet- velocity ratios. At engine speeds of 12,000 and 13,000 rpm, 
the total -pressure distribution was uniform for both inlets. 

At the compressor inlet (fig. 6), the radial pressure pro- 
files -were uniform at engine speeds of 10,000 and 11,000 rpm. 

As the engine speed was increased to 13,000 rpm, the total pres- 
sure at the middle portion of the annular passage increased and 
the static pressure decreased, which indicates that the velocity 
in this region was higher than at the wall. A reasonably uniform 
circumferential pressure distribution was obtained at all engine 
speeds. 
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A survey of the static pressure through the compressor for 
several engine speeds is shown in figure 7. Compressor- outlet pres- 
sure and temperature distributions are shown in figure Q. Close 
agreement existed between the total-pressure measurements obtained 
with tubes located on the struts in the compressor- outlet passage 
and the center tube of the rakes with the exception of rake 3. A 
uniform circumferential static-pressure distribution was obtained; 
however , variations in the total-pressure distribution resulted in 
a large dynamic-pressure gradient around the compress or- outlet 
annulus. For each engine speed, the dynamic pressure at rake 2 
was approximately three times as great as at rake 1. The circimi- 
ferential distribution of total and static pressures at the turbine 
inlet was uniform for each engine speed, as shown in figure 9. 
Because the compressor-outlet static pressures were uniform and the 
pressure loss through the combustion chambers was approximately 
0.9 of the dynamic pressure at the compressor outlet, the resultant 
distribution of total pressure at the turbine inlet was uniform. 

Turbine -outlet total and static pressures are shown in 
figure 10 and turbine- outlet indicated temperatures in figure 11. 

The circumferential distribution of total and static pressures 
was nearly uniform for the four engine speeds presented. A con- 
siderable radial total-pressure variation waB observed at rake 3 
for engine speeds of 12,000 and 13,000 rpm. In general, the static 
pressures measured by water static-pressure tubes were lower than 
those measured by wall static-pressure tubes. With the exception 
of ccmbustion chambers 1, 7, and 8, the turbine-outlet indicated 
temperatures were fairly uniform. The large temperature variation 
among these three combustion chambers probably resulted from uneven 
fuel and air distribution. Flow-bench tests showed that the fuel 
nozzle installed in combustion chamber 7 had the highest fuel flow 
under all conditions investigated, which accounted in part for the 
highest temperature occurring in that combustion chamber. As the 
engine speed was increased to 12,000 rpm, the temperature differ- 
ential at the turbine outlet was decreased; however, at 13,000 rpm 
a slightly greater differential was observed than at 12,000 rpm. 
Owing to the effect of radiation on the thermocouples, temperatures 
measured at the turbine outlet were used only to determine burner 
ignition and unbalance. 

Circumferential distributions of total pressure, static pres- 
sure, and indicated temperature measured at the exhaust- cone outlet 
(fig. 12) were uniform for the range of engine speeds presented. 

For sane conditions, not shown graphically, however, temperature 
variations as great as 140° were observed. Two thermocouples 
located at this station were connected in parallel to a gage on 
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the engine control panel to indicate limiting exhaust -gas tempera- 
tures. The temperature measured by these thermocouples is not shown 
In figure 12. Exhaust-gas temperature limits were established at 
this station by the manufacturer. 

The distribution of pressures and temperatures In a vertical 
plane across the tail-pipe-nozzle exit Is shown In figure 15. The 
total-pressure profile at this station changed with engine speed. 

It is noted that the distribution of total pressure for the top 
and bottom halves of the rake was not symmetrical. As the engine 
speed was increased, the total-pressure profile became more uni- 
form with respect to the center of the tall pipe. In order to 
obtain accurate measurements both vertically and circumferentially, 
it would be necessary to make surveys in more than one plane. 
Temperatures measured at the tail-pipe-nozzle- exit rake agreed 
reasonably well with the average turbine -outlet temperature, but 
for seme conditions these temperatures were higher than those 
measured at the Junction of the exhaust cone and the tall pipe. 

Effect of shaft horsepower. - A typical over-all pressure pro- 
file through the engine showing the effect of shaft horsepower is 
presented In figure 14. Total-pressure, static-pressure, and 
indicated- temperature distributions at each measuring station are 
shown In figures 15 to 25 for shaft horsepowers of 425 and 951 at 
an engine speed of 15,000 rpn. These data were obtained at an 
altitude of 5000 feet and a compressor- inlet ram-pressure ratio 
of 1.00. 

The change in shaft horsepower had no appreciable effect on 
the pressure and temperature distributions at the wing-ducc inlets 
and the compressor inlet. An increase in shaft horsepower raised 
the compressor-pressure ratio as shown by the increase in static 
pressure for each stage of the compressor stator in figure 17. 
Inasmuch as choking occurred at the turbine nozzles, the higher 
fuel flow required to increase the shaft horsepower resulted in 
a higher turbine- inlet temperature and pressure and consequently 
a higher compressor-pressure ratio. 

The change of power had no appreciable effect on the distri- 
butions of pressure am temperature at the compressor outlet, the 
turbine inlet, and the turbine outlet, as shown in figures 18 to 21. 
The temperature level at the turbine outlet, however, was raised 
approximately 200° R with the increase in shaft horsepower (fig. 21). 
The survey at the exhaust- cone outlet shows a slight change in the 



NACA RM No. ESFlOb 


7 


circumferential total-pressure distribution (fig. 22). An increase 
in shaft horsepower resulted In a more uniform distribution of total 
pressure at the tail-pipe-nozzle outlet (fig. 23). 

Effect of ram-pressure ratio. - The effect of ram-pressure ratio 
on the total-pressure, static-pressure, and indicated- temperature 
surveys is shown in figures 24 to 32 for compressor- inlet ram-pressure 
ratios of 1.00 and 1.09 and shaft horsepowers of 340 and 330. These 
data were obtained at an altitude of 35,000 feet and an engine speed 
of 13,000 rim. In general, the variation of compressor- inlet ram- 
pressure ratio from 1.00 to 1.09 did -not have any appreciable effect 
on the pressure and temperature distributions. 

Wing-duct- inlet surveys (fig. 24(a)) show that at a compressor- 
inlet ram- pressure ratio of 1.00 there was evidence of flow separa- 
tion in the upper region of the right duct. As was previously 
discussed, this flow separation is attributed to the rotation of 
the propeller slipstream axri. the high inlet- velocity ratio. Higher 
pressures occurred at the compressor outlet and the turbine inlet 
when the ram- pres sure ratio was increased to 1.09. (See figs. 27 
anl 28, respectively.) 


SUMMARY OF RESULTS 

The following results were obtained from an investigation of 
an axial -flow gas turbine -propeller engine in the Cleveland altitudj 
wind tunnel over a range of altitudes from 5000 to 35,000 feet, 
engine speeds from 8000 to 13,000 rpm, and ram-pressure ratios 
from approximately 1.00 to 1.17: 

1. Changes in engine speed had no appreciable effect on the 
circumferential or radial distribution of pressures and tempera- 
tures at any of the measuring stations with the exception of the 
compressor inl et, the compressor outlet, and the tail-pipe-nozzle 
outlet. As the engine speed was increased, the radial distribu- 
tion of total pressure at the compressor Inlet became less uniform* 
whereas the distribution at the tail-pipe-nozzle outlet became more 
nearly syianetrical with respect to the center of the tail pipe. 
Large variations in the circumferential distribution of dynamic 
pressure at the compressor outlet occurred at all engine speeds. 
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2. Variation of shaft horsepower did not greatly affect the 
circumferential or radial distributions of pressures and tempera- 
tures at any measuring station except the tail-pipe-nozzle outlet, 
where the total-pressure distribution became more uniform with an 
increase in engine power. 

3. The circumferential or radial distributions of pressure 
and temperature were unaffected by a change in ram-pressure ratio 
from 1.00 to 1.09. 

4. Flow separation, which occurred in the upper region of the 
right wing-duct inlet for seme operating conditions, was attributed 
to high inl et-velocity ratio and rotation of the propeller slip- 
stream. 

5. The total-pressure loss between the compressor outlet and 
the turbine inlet was approximately 0.9 of the dynamic pressure 
at the compressor outlet. 


Flight Propulsion Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE I.- CONCLUDED. PRESSURE A HD TEMPERATURE 
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DATA FOR AXIAL-FLOW GAS TURBINE-PRO FELLER ENGINE 
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Station 

1 Wing-duct inlet (fig, 5) 

2 Compressor inlet 

3 Compressor outlet 

4 Compressor elbow 

5 Turbine inlet 

6 Turbine outlet 

7 Exhaust-cone outlet 

6 Tail-pipe-nozzle outlet 



Figure I . - Side view of axi al-f low gas turbi ne-propel ler engine showing location of measuring 

stations. 
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C- 17386 
12- 12-46 


• —Front view of axial-fiow gas tu rb i ne-p rope 1 l er engine 
installation in altitude wind tunnel. 


Figure 2 
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jre 4. - Typical over-all average pressure profile through axial-flow gas turbine-propeller 
igine for engine speeds from 10,000 to 13,000 rpm. Altitude, 5000 feet; comp res so r-i n 1 et 
am-pressure ratio, 1.00. 
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Figure 5. - Effect of engine speed on distribution of total pressure, static pressure, and indicated 
temperature at wing-duct Inlets. Altitude, 5000 feet; compresso r- 1 n I et ram-pressure ratio, 1.00. 
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o Total-preuure tub* 

• Statio- pressure tube 
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Left elng-duat inlet 
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□ Static pressure 
0 Indicated tevperat 


Distance free bottom of duet. In. 

(b) Engine speed, 11,000 rpm; tail-pipe temperature, 1468° R. 


Figure 5. - Continued. Effect of engine speed on distribution of total pressure, static pressure, 
and indicated temperature at wing-duct inlets. Altitude, 5000 feet; compressor- in let ram- p ressu re 
ratio, 1,00. 
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Figure 5. - Continued. Effect of engine speed on distribution of total pressure, static pressure, 
and Indicated temperature at wing-duct Inlets, Altitude, 5000 feet; compressor-inlet ram-pressure 
1 , 00 . 















L*x t wing- duct inlet 


" 500 " 1»CX) 
^ *4 


Bight wlM-dnct Inlet 


Rebels 


o Total- preieure tube 
• Static-pr«9*np« tube 
p Itoeraocouple 


O Total pressure 
□ Static pressure 
0 Indleeted temperature 


3 4 6 0 18 3 

Distance fM bottom of duot, in. 

(d ) Knglne apesd, 13,000 rpm» tail- pipe temperature, 1810° R. 

Figure 5. - Concluded. Effect of engine speed on distribution of total pressure, static pressure, 
and Indicated temperature at wing-duct Inlets. Altitude, 5,000 feet; compressor- i nl et ram-pressure 
ratio, i . 00 . 
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Figure 6. - Effect of engine speed on distribution of totaJ pressure, static pressure, and Indicated 
temperature at compressor inlet. Altitude, 5000 feet; compressor- i nl et ram-pressure ratio, 1.00. 
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Figure 6. * Concluded. Effect of engine speed on distribution of total pressure, static pressure, 
and Indicated temperature at compressor inlet. Altitude, 5000 feet; compressor- i nl et ram-pressure 
ratio, 1.00. 
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- Effect of engine 9peed on distribution of static pressure for each stage of compressor 
Engine speed, 10,000 to 13,000 rpm; altitude, 5000 feet; compressor-inlet ram-pressure 
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(a) Engine speed, 10,000 rp#| tail-pipe temperature, 1087° HJ 1 AS. *, 
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(b) Engine speed, 11,000 rpm; tail-pipe temperature, 1468° R. 

Figure 8. - Effect of engine speed on distribution of total pressure, static pressure, and indicated 
temperature at compressor outlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, 1.00. 
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(d) Engine speed, 18,000 rpm; tail-pipe temperature, 1810° R, 

Figure 8. - Concluded. Effect of engine speed on distribution of total pressure, static pressure,and 
indicated temperature at compressor outlet. Altitude, 5000 feet; compressor- i nJ et ram-pressure 
ratio, 1.00. 
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(c) Engine speed, IS, 000 rpm; tail-pipe temperature, 1495° R* 



Combustion chamber 

(d) Engine speed, 15,000 rpmj tail-pipe temperature, 1610° R # 


Figure 9, - Concluded, Effect of engine speed on distribution of total and static pressures at tur 
bine Inlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, I. 00. 
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10. _ Effect of engine speed on distribution of total pressure and static pressure at turbine 
outlet. Altitude, 5000 feet; compressor-! nl et ran>- pressure ratio, |.00. 






Turbine-outlet pressure , lb/sq Tt absolute 


Fi gu re 


* 



(d) Engine speed, 13,000 rpi; tail-pipe temperature, 1510° R. 

10. - Concluded. Effect of engine speed on distribution of total pressure and static pressure 
at turbine outlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, 1.00. 
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(b) Engine speed , 11,000 rpra; tail-pipe temperature, 1458° R* 

II. - Effect of engine speed on distribution of indicated temperature at turbine outlet. 
Altitude, 5000 feet; compressor- I nl et ram-pressure ratio, 1.00. 
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(d) Engine speed, 13,000 rpm; tail-pipe temperature, 1610° R. 

Figure II. - Concluded. Effect of engine speed on distribution of indicated temperature at turbine 
outlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, ‘1,00. 
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Position from top f counterclockwise looking aft, deg 

(a) Engine speed, 10,000 rpm; tail-pipe temperature, 1587° R, 


Figure 12- - Effect of engine speed on distribution of total pressure, static pressure, and Indicated 
temperature at exhaust-cone outlet- Altitude, 5000 feet; compressor- Inlet ram-pres6ure ratio, 1-00 
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Figure 12. - Continued. Effect of engine epeed on distribution of total pressure, static pressure, 
and indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; compressor- inlet ram- 
pressure ratio, 1.00. 
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Figure 12 . - Continued. Effect of engine speed on distribution of total pressure, static pressure, 
and indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; compressor- In let ram- 
pressure ratio, 1.00. 
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(d) Engine speed, 13,000 rpa; tail-pipe temperature, 1510° R. 

Figure 12. - Concluded. Effect of engine speed on distribution of total pressure, static pressure, 
and indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; .compressor- inlet ram- 
pressure ratio, 1.00 , 
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Figure t3. - Continued, Effect of engine speed on distribution of total pressure, static pressure 
and indicated temperature at tai I -pipe-nozzle outlet* Altitude, 5000 feet; compressor- Inlet ram 
pressure ratio, 1.00. « 
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(c) Engine speed, 12,000 rpra; tail-pipe temperature, 1495° R. 

Figure 13. - Continued. Effect of engine speed on distribution of total pressure, static pressure, 
and indicated temperature at tai l-pi pe-nozzle outlet. Altitude, 5000 feet; compressor-inlet ram- 
pressure ratio, U00. 
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. (d) Engine speed, 13,000 rpin; tail-pipe temperature, 1510° R. 

Figure 13 . - Concluded. Effect of engine speed on distribution of total pressure, static pressure, 
and indicated temperature at tal l~plpe-noz*l e outlet. Altitude, 5000 feet; compressor-! n I et ram- 
pressure ratio, 1.00. > 
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Figure 14. - Typical over-all average pressure profile for various shaft horsepowers. Altitude 
5000 feet; compressor-i nlet ram-pressure ratio, 1-00; engine speed, 13,000 rpm. 


NACA RM No. E8Fl0b 




■lng-duot Inlet indicated tanperatur* 


o Totftl-pr«i*urB tqb« 

• &taclo-pr«*su re tube 
f> Themocouple 


Left wing- duct Inlet 


Right wing-duct Inlet 


ii=< 


t 

MO ft] 


O Total pressure 
□ Static pressure 
0 Indicated temperature 


r*= e^S 


Distant)# fro* bottow of duot, In* 

(a) Shaft horio power, 426. 


Figure 15. - Effect of shaft horsepower on distribution of total pressure, static pressure, and 
indicated temperature at wing-duct inlets. Altitude, 5000 feet; compressor- in let ram-pressure 
ratio. 1,00; engine speed, 13,000 rpm. 
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Figure 15. - Concluded- Effect of shaft horsepower on distribution of total pressure, static pres 
sure, and indicated temperature at wing-duct inlets. Altitude, 5000 feet; compressor- ini et ram- 
pressure ratio, 1.00; engine speed, 13,000 rpm. 
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cated temperature at compressor Inlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, 
1.00; engine speed, 13,000 rpm. ' 
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Figure 17- - Effect of shaft horsepower on distribution of static pressure for each stage of com- 
pressor stator. Altitude, 5000 feet; compressor- ini et ram-pressure ratio, i.00; engine speed, 

13,000 rpm. 
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(b) Shaft horsepower, 951. 

Figure 18. - Effect of shaft horsepower on distribution of total pressure, static pressure, and indi- 
cated temperature at compressor outlet. Altitude, 5000 feet; compressor- inlet ram-pressure ratio, 
t.00; engine speed, 13,000 rpm. 
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(b) Shaft horsepower, 051 

Figure 19. - Effect of shaft horsepower on distribution of total and static pressures at turbine 
inlet. Altitude, 5000 feet; compressor- Inlet ram-pressure ratio, 1 . 0 Q; engine speed, 13,000 
rpm. 
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(b) Shaft horsepower, 951. 

Figure 20. - Effect of shaft horsepower on distribution of total pressure and static pressure at 
turbine outlet. Altitude, 5000 feet; compressor-Inl et ram-pressure ratio, 1.00; engine speed, 
13,000 rpm. 
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Figure 21. - Effect of shaft horsepower on distribution of indicated temperature at turbine outlet. 
Altitude, 5000 feet; compressor- i n let ram-pressure ratio, 1.00; engine speed, 13,000 rpm. 
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(a) Shaft horsepower, 425, 

Figure 22. - Effect of shaft horsepower on distribution of total pressure, static pressure, and 
Indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; compressor-i n I et ram- 
pressure ratio, 1,00; engine speed, 13,000 rpm. 
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Figure 22. - Concluded. Effect of shaft horsepower on distribution of total pressure, static pres 
sure, and indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; compressor- ini et 
ram- pressure ratio, 1.00; engine speed, 13,000 rpm. 
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(b) Shaft horsepower, 951* 

Figure 23. - Concluded. Effect of shaft horsepower on distribution of total pressure, static pres- 
sure, and indicated temperature at tai t-pi pe-nozzl e outlet. Altitude, 5000 feet; compressor- in I et 
ram-preesure ratio, 1.00; engine speed, [3,000 rpm. 
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Figure 24, - Effect of compressor-inlet ram-pressure ratio on distribution of totai pressure, static 
pressure, and indicated temperature at wing-duct inlets. Altitude, 35,000 feet; engine speed, 
13.000 rpm. 
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Figure 24. - Concluded. Effect of compressor- I nl et ram-pressure ratio on distribution of total pres- 
sure, static pressure, and indicated temperature at wing-duct inlets. Altitude, 35,000 feet; 
engine speed, 13,000 rpm. 
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Figure 25. - Effect of compressor- Ini et ram-pressure ratio on distribution of total pressure, static 
pressure, and Indicated temperature at compressor inlet. Altitude, 35,000 feet; engine speed, 
13,000 rpm. 
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Figure 26- - Effect of compressor-inlet ram-pressure ratio on distribution of static pressure for 
each stage of compressor stator. Altitude, 35 000 feet; engine speed, 13,000 rpm. 
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(b) Compressor-Inlet ram-pressure ratio, 1*09; shaft horsepower, 530* 




Figure 27. - Effect of compressor-inlet ram-pressure ratio on distribution of total pressure, static 
pressure, and indicated temperature at compressor outlet. Altitude, 35,000 feet; engine speed, 
13,000 rpm. 


$ 


NACA RM No. E8F 10 b 





Turbine-inlet pressure, lb/sq ft absolute 



Figure 28. 



Combustion chamber 

(b) Compressor-inlet ram-pressure ratio, 1.09; shaft horsepower, 330. 

- Effect of compressor- l nlet ram-pressure ratio on distribution of total and static pres- 
sures at turbine Inlet- Altitude, 35,000 feet; engine speed, 13,000 rpm. 
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(a) Compressor-inlet ram-pressure ratio, 1.00; shaft horsepower, 340. 

Figure 30. - Effect of compressor- inlet ram-pressure ratio on distribution of indicated temperature 
at turbine outlet* Altitude, 35,000 feet; engine speed, 13,000 rpm* 






Combustion chamber 

(b) Compressor-Inlet r a m-pressure ratio, 1,09; shaft horsepower r MO. 

Figure 30, - Concluded, Effect of compressor-inlet ram-pressure ratio on distribution of indicated 

temperature at turbine outlet# Altitude, 35,000 feet; engine speed, f3,000 rpm* 2 
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(a) Compressor— Inlet ram-pros sure ratio, 1*00; shaft horsepower, 340. 

Figure 31. - Effect of compressor- 1 nlet ram-pressure ratio on distribution of total pressure, static 
pressure, and Indicated temperature at exhaust-cone outlet. Altitude, 35,000 feet; engine speed, 
13,000 rpm. 
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(b) Compressor-inlet ram-pressure ratio , 1,09; shaft horsepower , 350, 

Figure 31, - Concluded. Effect of compreesor-!n I et ram-pressure ratio on distribution of total pres- 
sure, static pressure, and Indicated temperature at exhaust-cone outlet. Altitude, 35,000 feet; 
engine speed, 13,000 rpm. 
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(a) Compressor-Inlet ram-pressure ratio, 1.00; shaft horsepower, 340* 

Figure 32. - Effect of compressor-inlet ram-pressure ratio on distribution of total pressure, static 
pressure, and indicated temperature at tal l-pl pe~nozzl e outlet. Altitude, 35,000 feet; engine 
speed, 13,000 rpm. 
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(b) Contpressor-lnlet ra»-*pressure ratio, l,09j shaft horsepower, 330, 

Figure 32. - Concluded. Effect of compressor-inlet ram-pressure ratio on distribution of total pres- 
sure, static pressure, and Indicated temperature at tal 1-pi pe-nozzl e outlet. Altitude, 33,000 feet 
engine speed, 13,000 rpm. 
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